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n.b.szirbik@rug.nl (N. Szirbik), j.l.n.roodenburg@kchir.In the healthcare domain, human collaboration processes (HCPs), which consist of interactions between
healthcare workers from different (para)medical disciplines and departments, are of growing importance
as healthcare delivery becomes increasingly integrated. Existing workflow-based process modelling tools
for healthcare process management, which are the most commonly applied, are not suited for healthcare
HCPs mainly due to their focus on the definition of task sequences instead of the graphical description of
human interactions.
This paper uses a case study of a healthcare HCP at a Dutch academic hospital to evaluate a novel
interaction-centric process modelling method. The HCP under study is the care pathway performed by
the head and neck oncology team. The evaluation results show that the method brings innovative,
effective, and useful features. First, it collects and formalizes the tacit domain knowledge of the inter-
viewed healthcare workers in individual interaction diagrams. Second, the method automatically inte-
grates these local diagrams into a single global interaction diagram that reflects the consolidated
domain knowledge. Third, the case study illustrates how the method utilizes a graphical modelling
language for effective tree-based description of interactions, their composition and routing relations,
and their roles. A process analysis of the global interaction diagram is shown to identify HCP
improvement opportunities.
The proposed interaction-centric method has wider applicability since interactions are the core of
most multidisciplinary patient-care processes. A discussion argues that, although (multidisciplinary) col-
laboration is in many cases not optimal in the healthcare domain, it is increasingly considered a
necessity to improve integration, continuity, and quality of care. The proposed method is helpful to
describe, analyze, and improve the functioning of healthcare collaboration.
 2011 Elsevier Inc. All rights reserved.1. Introduction
Nowadays, healthcare services require close collaboration of
healthcare workers from different (para)medical disciplines and
departments. Improved support of healthcare collaboration
through Information Technology (IT) is only possible if the es-
sence of collaboration can be captured and understood [1–4].
The current research contributes to the graphical description of
healthcare collaboration to enable deep understanding of its
functioning.
Business Process Management (BPM) is a prominent way to
gain deep understanding of the functioning of organizations [5].ll rights reserved.
Business & ICT, Faculty of
dleven 5, P.O. Box 800, 9700
5.
mann@rug.nl (H. Wortmann),
umcg.nl (J. Roodenburg).The graphical description of business processes in models (i.e.
business process modelling) is the core concept in achieving this
better understanding [6]. In various industries and services, BPM
is most commonly applied to workflow processes, which are
well-structured and repetitive business processes [6,7]. Existing
graphical workflow-based process modelling tools focus on the
definition of the tasks and their ordering relations within the busi-
ness process. Their primary purpose is to create a standard work-
flow model that is defined once and then serves as an executable
specification for a workflow management system to enable
automated process support [8]. This paper argues that such an
approach does not suit the modelling of business processes that
require intensive collaboration, so-called artistic [9] or human-
driven processes [10]. In this research, such processes are defined
as human collaboration processes (HCPs). A HCP is a coordinated
collaboration effort where humans perform several related and
intermittent workplace interactions, in which they may play differ-
ent roles. Therefore, a HCP consists of a process structure of human
1040 M. Stuit et al. / Journal of Biomedical Informatics 44 (2011) 1039–1055interactions. Examples of human interactions are meetings, discus-
sions, consultations, conversations, etc.
Human interactions increasingly characterize the contemporary
workplace, as the structure of organizations has become more flat,
less hierarchical, more fluid, and even virtual [11]. This is also true
for the healthcare domain where a move towards more flexible
organizational structures with a focus on teamwork and collabora-
tion can be observed [12]. For healthcare processes, a general dis-
tinction can be made between organizational processes (e.g.
clinical workflows like medical order entry), and medical diagnosis
and treatment processes [13]. In [4], the authors name the latter
multidisciplinary patient-care processes. These processes are good
examples of HCPs since they require a wide range of interactions
within and across (para)medical disciplines and departments in
diagnosis and treatment [13–15]. With healthcare HCPs, the pri-
mary purpose of business process modelling is to capture and define
accurately the essence of healthcare collaboration (i.e. the interac-
tion structure) as a necessary precursor for analysis and improve-
ment of the HCP. This requires novel modelling tools because of
the different nature of the business activity (i.e. collaboration in-
stead of task sequence).
This paper introduces, applies, and evaluates a novel interac-
tion-centric modelling method for HCPs through a case study of
a healthcare HCP at the University Medical Center Groningen
(UMCG), the largest Dutch academic hospital. The healthcare HCP
under study is the Head and Neck Oncology (HNO) care pathway.1
In this HCP, numerous interactions take place between the different
involved healthcare workers (a group named ‘‘the HNO team’’). The
HCP runs because of joint experience and collaboration, which brings
on the execution of the interactions. However, the awareness about
these interactions is based on tacit domain knowledge.2 The (organi-
zational) problem is that there is no explicit process definition of the
target HCP’s interaction structure. Due to this, it has been very diffi-
cult for the HNO steering team to analyze and improve the HNO care
pathway.
The proposed modelling method is the Multi-View Interaction
Modelling (MVIM) method, which is designed to capture and mod-
el a HCP’s interaction structure (i.e. interactions, their composition
and routing relations, and their roles). For the successful evaluation
of the method in the case study, there are three main require-
ments. First, an effective interaction description capability is
needed. Second, the MVIM method should be able to make explicit,
in graphical models, the tacit domain knowledge of the HNO team
members.3 Third, the method should contribute to an improvement
of the HNO care pathway.
The main contribution of this paper is the MVIM method as a
novel interaction-centric modelling tool and the evaluation of
its effectiveness in practice. The remainder of this paper is struc-
tured as follows. Section 2 presents theoretical background
including related work. Next, Section 3 outlines the adopted re-
search methods including a description of the case study and
the target healthcare HCP (i.e. the HNO care pathway). Section
4 introduces the MVIM method and describes its application to
the HNO care pathway. After, Section 5 reports on the practical
results with details in Appendix C. Section 6 reports on the eval-
uation of the proposed method. Section 7 presents a discussion
with generalization and implications of the results in the broader1 A care pathway is a multidisciplinary outline of anticipated care, placed in an
appropriate timeframe, to help a patient with a specific condition or set of symptoms
move progressively through a clinical experience to positive outcomes [16].
2 Tacit domain knowledge is individual knowledge of experience, which is mainly
intangible and often resides in the heads of employees [17].
3 The (internal) process of transformation of tacit knowledge into formal explicit
knowledge is an important research subject in the field of Knowledge Management
(KM). In this paper, the focus is on the practical use of (interaction-centric) business
process models that formalize tacit domain knowledge, not on the KM aspects.healthcare domain. Finally, Section 8 gives conclusions and high-
lights future research.2. Theoretical background
2.1. The TALL modelling language
An interaction-centric business process modelling language
named The Agent Lab Language (TALL) [18–20] supports the MVIM
method. The language explicitly recognizes human interaction as
the core activity in collaborative organizational work. Within the
context of a HCP, a human interaction is operationally defined as
a joint activity between two or more agents (i.e. interaction partic-
ipants) that is undertaken to reach individual and/or joint goals. In
line with [21], where (the design of) collaboration is explored in
detail, this means that interaction is a key condition for successful
completion of a HCP. The authors mention that without interac-
tion, participants cannot define their goal, commit to it, or attune
their behaviors toward goal attainment. Depending on the media
and communication channel, human interactions can be of differ-
ent types (e.g. synchronous/asynchronous, verbal/non-verbal,
physical/virtual) and forms (e.g. discussion, conversation, consulta-
tion). Moreover, depending on the involved agents, human interac-
tions can be intra- or inter-organizational. The interactions studied
in the HNO care pathway are intra-organizational (but inter-
departmental).
There are four main (agent-oriented) concepts in TALL: interac-
tions, roles, agents, and behaviors. The interactions in a HCP are
modelled in the interaction structure (IS) diagram (see Fig. 1).
The IS diagram is a hierarchical interaction structure, in which
interactions are related by composition (one interaction being part
of another) and routing (one interaction must be completed before,
in parallel with, or instead of another interaction). The IS diagram
has a tree layout, which means interactions appear at a certain le-
vel. The root level, which starts at the top, is level zero.
A parent interaction completes when its child interactions com-
plete according to the specified routing relation. The routing rela-
tion is specified using a routing type symbol, which graphically
appears below parent interactions (see Fig. 1). Formally, the rout-
ing type is an attribute of the parent interaction. The supported
routing types are sequential routing (SEQ), parallel routing (PAR),
and exclusive (non-deterministic) choice (XOR).
Decision rules can be attached to the routing types to enable
rule-based execution of a set of sibling interactions. Decision rules
can for instance be used to achieve an exclusive deterministic
choice (XORd), or to make an inclusive choice for N-out-of-M sib-
ling interactions. In the latter case, when N P 2, the children are
executed in sequence (SEQd) or in parallel (PARd). In Fig. 1, interac-
tion C is completed either by interaction D or by interaction E. The
decision rule attached to the XORd routing type of interaction C se-
lects only one of these interactions. The following is the complete
list of interaction attributes: Id (unique identification), Label (inter-
action name), Routing Type (routing relation), Parent (Id of the
interaction’s parent), and Children (number of children).
For each elementary interaction (i.e. interactions without chil-
dren in the tree), it is indicated which roles or generic participant
types are involved. Roles are depicted by ellipses and are attached
to the lines outgoing the hexagon (see Fig. 1). In TALL, an interac-
tion does not exist without at least two roles being bound to it.
Agents are part of a formal structure within their organization,
which is usually based on the structure of official roles or job titles.
It is the role that assigns certain responsibilities to an agent and re-
quires their involvement in interactions. Therefore, role specifica-
tion is important to divide responsibilities and ensure interaction
execution. The initiator role is the role that either starts or leads
Fig. 1. Graphical representation of TALL’s main modelling concepts.
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with a filled arrowhead (see Fig. 1). Roles have two attributes: Label
(role name) and Initiator (yes/no). The elementary interactions are
completed by the coordinated execution of the behaviors per-
formed by the agents playing the involved roles. Agents are de-
picted by rounded rectangles and their behaviors are depicted by
arrow rectangles that appear at the tail of the agent-role connector
(see Fig. 1). Each arrow rectangle is a compact representation of an
agent behavior (AB) diagram, which describes the local (communi-
cative and non-communicative) activities that the agent executes
as part of the interaction.
With the IS and AB diagrams, TALL separates between two lev-
els of linked process representations. The IS diagram allows to
specify what to perform in terms of a HCP’s interaction structure.
The associated AB diagrams allow to specify how the interactions
are performed in terms of the local behaviors of the agents that
are assigned to the roles in the IS diagram. The IS diagram intro-
duces a higher-level (relatively stable) notion of process that sep-
arates the interaction specification from the possible (relatively
dynamic) ways to perform an interaction. This is based on the
motivation that novel modelling tools for HCPs should, at first, ab-
stract from the level of individual activity representation. These
can still be represented at a lower level, via the AB diagrams, when
the interaction structure of the HCP has been defined.4 In this pa-
per, the focus is on the IS diagram as a tool to describe the interac-
tion structure of the HNO care pathway. The interested reader is
referred to other papers [19,20] for a more detailed discussion on
agent behavior modelling.
Besides the IS an AB diagrams, there are other types of diagrams
in the TALL modelling language, which allow to capture other as-
pects of a HCP and its organizational environment. One of these
diagrams, which is applied in this paper (see Section 4.2), is the
Agent Structure (AS) diagram to capture the structure of the orga-
nizational population under consideration. In this diagram, all in-
volved business entities are modelled as agents whose nature
can be individual (i.e. human agents) or collective (i.e. synthetic
agents). Human agents represent people in the business domain,4 For example, a meeting is difficult to model prescriptively as a graph of individual
activities in a first modelling phase. However, in a second modelling phase, it is
possible to specify the individual utterances of the interaction participants in AB
diagrams.and synthetic agents represent organizational units (e.g. depart-
ments, teams) or organizations. A synthetic agent is a composite
agent that consists of one or more internal (human or synthetic)
member agents.
2.2. Related work
The MVIM method is a methodical approach to conduct a busi-
ness process study. This section contrasts the method with several
recent empirical business process studies in the healthcare domain
through a discussion of traditional (workflow-based) process mod-
elling methods and languages.
A common feature in most process modelling methods is the use
of a graphical modelling language to describe business processes.
Existing graphical workflow-based process modelling languages
like BPMN [22], WS-BPEL [23], Petri nets [24], UML activity dia-
grams [25,26], EPCs [27] and IDEF0 [28], which are the most com-
monly applied in the BPM field, focus on the definition of task
flows (i.e. tasks and their ordering relations). Although most of these
languages (now) provide notations to model collaboration and/or
interaction, they have not been designed with interaction in mind.
In most of these languages, interactions are modelled through the
specification of message exchange, that is, they are modelled as
mere ‘connected’ communicative tasks that are mixed with the
specification of the non-communicative tasks. In the case of numer-
ous interactions with many participants, it becomes difficult to see,
in a workflow model, where interaction takes place, between whom,
and what the relations are between the interactions [20]. This
applies especially to large diagrams with increasing numbers of par-
ticipants and interactions [29]. Thus, the graphical representation of
interaction structures is weak in existing (task-centric) workflow-
based process modelling languages. Several authors confirm that
existing graphical workflow-based process modelling languages
are appropriate for modelling business processes that display com-
plex task flows (i.e. workflow processes) but are less appropriate for
modelling business processes that involve the interaction of a mul-
titude of actors (i.e. HCPs) [29–33].
Most empirical business process studies are concerned with
workflow processes. Several recent healthcare process studies take
a workflow perspective [34–39]. In BPM research, the software
engineering community is interested in the technical realization
of business processes in software systems [6]. Workflow-based
5 http://www.nwhht.nl/.
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cedural of nature [40]. The supporting workflow management sys-
tem uses the prescriptive model to enact the process in the same
way for each case that runs through the process, which enables
efficient and effective process execution. A number of research
efforts in the software engineering field focus on IT support of
unstructured (informal) workflow processes [41–47], which re-
quire more flexibility in their execution. Thus, these workflow
studies focus on more than only procedural processes, which is
important for the application of business process support and
automation in less structured application domains. In the health-
care domain, such workflow studies can also be observed
[2,13,48,49]. However, in these studies the desired process flexibil-
ity is built into the architecture of the supporting IT system. In gen-
eral, current workflow studies are mostly technology-oriented
works, which focus on the effectiveness or efficiency of workflow
management systems [50]. In [51], the author states that busi-
nesses have overemphasized the role of IT while they underesti-
mate the importance of a clear understanding and critical
analysis of their human processes. Extant research and practice
in the BPM field does not properly address the class of problems
associated with the modelling and analysis of human interactions
in organizations. The adopted modelling tools are task-centric
rather than interaction-centric. As argued in the introduction,
healthcare HCPs have a different nature and modelling purpose.
The MVIM method is supported by the TALL modelling language.
The language considers the interaction (performed by multiple ac-
tors) instead of the task (performed by a single actor) as the core
activity in a business process.
Traditionally, a business process study starts with a description
phase to capture the AS–IS or current business processes. This
phase usually consists of the following activities: (1) the business
process modeller visits the target organization, (2) reads the exist-
ing documentation, (3) conducts a series of interviews, and (4)
studies and represents the gathered information in process models
[6,52]. The description phase is usually followed by an analysis
phase to identify bottlenecks or improvement options in the
AS–IS model. Finally, the redesign phase creates a TO-BE process
model based on the results of the analysis phase and/or predefined
objectives (e.g. to conform to a new corporate strategy or to suit a
new IT system).
The main innovation of the MVIM method is the focus on the
modelling of collaboration and interaction. In line with this focus,
the proposed method differs from traditional task-centric methods,
especially with regard to the nature of the activities in the descrip-
tion phase. In a HCP, different participants may have different
views on the process. One of the characteristics of the HNO care
pathway, described in Section 3.1, is the existence of local process
views. Healthcare workers are knowledgeable about their interac-
tions and responsibilities but do not have a complete view of the
overall HCP. The HCP functions because the healthcare workers
playing the roles in the interactions know themselves what to
do. Thus, a HCP has an emergent bottom-up nature. Traditional
methods do not model explicitly the local views of the process par-
ticipants [20]. The MVIM method considers that not modelling the
local views of the process participants (i.e. the subject matter ex-
perts) means losing the essence of what makes the process work.
Thus, the MVIM method collects and models local interaction
views in local IS diagrams, and then automatically consolidates
them in a global IS diagram using an implemented algorithm
(see Section 4.4). This results in a model that minimizes the gap be-
tween the actual HCP and the modelled HCP thus providing a rich
base for the analysis phase. A local IS diagram is defined as an indi-
vidual diagram that depicts the local (i.e. incomplete and re-
stricted) interaction view of a single process participant. It can be
considered a segment of the HCP under study. A global IS diagramdoes not take the point of view of a particular process participant
but shows an integrated interaction view.3. Methods
3.1. Case study: setting and process description
The research objective of this paper is to introduce, apply,
and evaluate the MVIM method. As mentioned in Section 1, a
case study at the UMCG is conducted to achieve this objective.
A case study is defined as an empirical inquiry that investigates
a contemporary phenomenon within its real-life context [53].
Case studies emphasize the rich, real-world context in which
the phenomenon of interest occurs [54,55]. The stated research
objective requires the in-depth study of a healthcare HCP in its
real-life context. Therefore, a case study is an effective research
strategy. A case study research strategy allows the MVIM meth-
od to be presented and evaluated in the context of application in
close collaboration with the people in the field [56]. The close
connection with reality is considered important to make sure
the MVIM method is effective and purposeful to address practi-
cal problems.
Currently, in the Netherlands, approximately 2700 cases of head
and neck cancer are diagnosed yearly and the incidence of this ail-
ment has been rising over the past few decades [57]. The main risk
factors for the emergence of a tumor in the mouth, pharynx or lar-
ynx are smoking, chewing tobacco, drinking alcohol, or a combina-
tion of these. Head and neck cancer is the work domain of both the
ENT specialist (ear, nose, throat) and the maxillofacial surgeon. In the
Netherlands, the care for head and neck cancer patients is orga-
nized into eight specialized treatment centers, one being the
HNO team in the UMCG. A tumor in the head and neck area may
have physical (e.g. problems with breathing, eating, drinking,
speaking, damage to the physical appearance, etc.), emotional, psy-
chosocial, and relational effects for the patient and his/her key rel-
atives. Because of the complexity of the care, a relatively large
number of over 40 (para)medical disciplines is involved in the
HNO care pathway, which together form a multidisciplinary team.
The HNO team works according to national guidelines set up by a
cooperation network named the Dutch Co-operative Head and
Neck Group (NWHHT5) in which all eight Dutch HNO treatment
centers participate. The primary goal of the NWHHT is to advance
the quality of the HNO care in the Netherlands. The NWHHT not only
develops guidelines but also performs internal evaluations by means
of accreditations.
The HNO care pathway deals with the human interactions in the
outpatient and inpatient diagnosis, treatment and/or consultation,
and follow-up of patients suffering from head or neck cancer once
they are referred to the UMCG. Thus, the scope of the healthcare
HCP under study is the intramural care within the UMCG for this
specific patient group. On a high level, the studied interactions
are of three generic types: (1) interactions between healthcare
workers and patients (e.g. medical examinations, treatments, con-
sultations), (2) interactions between colleagues within or across
(para)medical disciplines or departments (e.g. meetings, consulta-
tions, casuistry), and (3) interactions between healthcare workers
and information systems (e.g. activity registration, activity plan-
ning, medical file processing). Interactions belonging to these three
generic types are initiated based on formal responsibilities. As ex-
plained in Section 2.1, these formal responsibilities are assigned to
healthcare workers via formal roles (i.e. job titles). The practical
goal of the business process study presented in this paper is to
identify improvement opportunities that can be used to structur-
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HCP in the future. In this context, the formal work-related interac-
tions are most valuable since they remain relatively stable in terms
of occurrence. This was confirmed by a maxillofacial surgeon oncol-
ogist and a business line manager, who served as key informants
throughout the study. Section 3.2 provides more detail on the
adopted data collection methods, which includes key informant
sessions. An important interaction trigger in a care process, besides
the formal work-related trigger, is exception handling. Section 6
explains in more detail how exceptions can be tackled in the MVIM
method.
Based on an exploration of practice (see Section 3.2 for detail),
the following distinctive characteristics of the HNO care pathway
were identified.
1. The HNO care pathway is collaborative.
Head and neck cancer management requires close and seamless
collaboration among the diagnostic and treating disciplines [58].
Healthcare workers rely on each other’s expertise, experience, and
resources when making decisions with regard to patient care. A
wide range of interactions within and across (para)medical disci-
plines and departments is required in terms of information sharing,
consultation, and combined diagnosis and treatment [13–15]. In the
HNO care pathway, even the simplest activities, like an endoscopy,
require interaction among different disciplines.
2. The HNO care pathway is multidisciplinary.
In multidisciplinary patient care, team members have different
professional backgrounds and functional areas of expertise. More-
over, they are often concerned with different aspects of patient care
and are involved in different phases of the care process. Distinctive
properties of multidisciplinary collaboration are that (i) medical
disciplines and their employees maintain their own identity in
terms of their methodical approach, theoretical perspectives,
responsibilities and focus areas [59], (ii) employees work relatively
independently [3], and (iii) employees have differing perceptions of
teamwork [59,60]. Based on these properties, the HNO team mem-
bers have their own local (i.e. restricted and incomplete) views.
3. The HNO care pathway is complex.
The HNO care pathway consists of a multitude of interactions in
intricate arrangement. Interactions are interrelated in terms of both
routing and composition. Interactions in and across (para)medical
disciplines and/or departments may run in conjunction with each
other, certain interactions may have to be completed before others,
certain interactions may have to be repeated, and certain interac-
tions may be part of other interactions.
4. The HNO care pathway is dynamic.
The tasks of the HNO team members are dynamic.6 Due to new-
ly discovered symptoms of a specific disease, the need for further
diagnosis, or new medical knowledge, treatment plans must be tai-
lored to the individual needs and circumstances of the patient. More-
over, they require frequent adjustment (e.g. to suit national
guidelines) and joint decision-making [14,15].
5. The HNO care pathway is large-scale.
The HNO care pathway involves healthcare workers from over
40 (para)medical disciplines and departments, and consists of over
400 identified interactions performed by over 120 team members.6 In this context, dynamics refers to the stability or instability of the tasks in a
business process. The tasks in a dynamic business process change frequently and
unpredictably whereas the tasks in a static business process do not change very often;
they either remain the same or change very slowly.3.2. Data collection: description phase
Case study research allows the use of several data collection
methods [61]. The UMCG case study draws on three data collection
methods: desk study of organizational documentation, key infor-
mant sessions, and interviews with healthcare workers.
As indicated in Section 3.1, two key informants were used
throughout the study. Key informants, sometimes referred to as
strategic informants, are expert sources of information who are
able to provide valuable information and insights usually due to
a position of responsibility and influence [62]. Both key informants
are members of the HNO steering team. In this position, they are
interested in the continuous improvement of the HNO care path-
way and have an important managerial role in any improvement
project. Based on this formal position, the key informants have pro-
found knowledge of the case setting, the HNO care pathway, and
the involved healthcare workers. Thus, they were able to provide
extremely valuable (managerial) information and feedback. More-
over, they were able to facilitate the interview process in terms of
building internal commitment. Although key informant sessions
are similar to unstructured interviews, they are different in that
the informants are chosen for strategic (in this study based on
managerial position and influence) rather than representational
reasons and that their content differs over time [63]. During this
research, sessions with the two key informants took place in the
preliminary (exploratory) and final phases of the case study with
different contents. This is described in more detail in the remainder
of this paper.
The data collection process started with an exploratory phase in
which organizational documentation (i.e. organization’s structure
explanatory documents and medical protocols) and sessions with
the key informants took place. To facilitate the data collection pro-
cess, the key informants arranged for the first author to have an of-
fice and computer within the UMCG. The result of this exploration
of practice was:
1. a better understanding of the organizational problem (i.e. no
proper basis for the analysis and improvement of the HNO care
pathway);
2. a better understanding of the HNO care pathway in terms of the
characteristics in the previous section;
3. the identification of the (para)medical disciplines/departments
and role names (i.e. job titles) involved in the HNO care pathway;
4. the creation of a preliminary high-level IS diagram of the HNO
care pathway, which provides a general overview of the health-
care HCP in terms of its main default interactions (see Appendix
A for the diagram and Section 4.2 for a description).
Besides the key informant sessions, interviews with healthcare
workers (i.e. process participants) were the main source for collect-
ing process information. Although one of the key informants, being a
maxillofacial surgeon oncologist, is also a healthcare worker in the
HNO care pathway, a different maxillofacial surgeon oncologist was
selected for the interviews. The identified (para)medical disci-
plines/departments and role names helped to select a representative
group of healthcare workers for the interviews. This resulted in the
selection of 43 healthcare workers. The selected interviewees were
representative of each department and hierarchical level involved
in the HNO team including medical specialists, paramedical staff,
and clerical staff. Section 4.2 provides more detail on the involved
(para)medical disciplines/departments and the selection of the
interviewees. The objective of each interview was to model the local
interaction view of the interviewee in a local IS diagram. In this way,
multiple local IS diagrams, in which the tacit domain knowledge of
the interviewees is formalized, are produced that are to be automat-
ically integrated into a global IS diagram.
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which the researcher and the interviewee co-produced a local IS
diagram in a face-to-face setting. The presence and active engage-
ment of the researcher made the creation of the local IS diagrams
efficient. In this regard, the interviews took a romantic approach
[64]. In the romantic interviewing approach, the interviewee is
seen as a participant with whom the researcher actively interprets
and constructs reality. The romantic approach is opposed to the
instrumentalist interviewing approach in which the interviewee
is seen as a subject and the interview focuses on the elicitation
of facts with a relatively passive role of the researcher. The advan-
tage of the constructed and co-created nature of the romantic ap-
proach is that the risk of the discourse spiralling into abstractions,
generalities, and cultural scripts is reduced. In the UMCG case
study, the joint process modelling made the interviews more con-
crete in the sense that tacit domain knowledge was made explicit,
thereby objectifying it for later use and analysis.
Two modellers conducted the interviews: the first author and a
master student. A few days before the interviews took place, each
interviewee received an e-mail explaining the objective and focus
of the interview, and the request to think about their (local) interac-
tions in the HNO care pathway. The e-mail also gave some typical
examples of the three generic types of human interaction mentioned
in Section 3.1. The interview process was as follows. During each
interview, the modeller started with a short self-introduction, fol-
lowed by an explanation of the TALL modelling notations using the
high-level IS diagram that served as input to each interview. Only
two key questions were prepared beforehand. The first question
asked the interviewee to illuminate his/her position and responsibil-
ities. Globally, the HNO care pathway consists of three phases: diag-
nostic phase, hospitalization/treatment phase, and follow-up phase.
The second question inquired in which phase(s) of the HNO care
pathway the interviewee was (mostly) involved. The interviewer
then used the high-level IS diagram to facilitate a focused walk-
through discussion of the HNO care pathway. During the walk-
through, the interviewee was asked to name and describe his/her
own interactions, relevant interactions of colleagues he/she knows
of, composition and routing relations between the interactions,
and the allocation of roles over the named interactions. In the walk-
through discussion, the focus was on those interactions correspond-
ing to one of the three identified generic types of interaction. In
collaboration with the interviewee, the modeller then augmented
the default interactions in the high-level IS diagram to make the col-
lected domain knowledge explicit and produce a local IS diagram.
The average time of each interview was 2 h. Each local IS dia-
gram was immediately validated together with the interviewee.
Because of the open but guided nature of the interviews, they
can be classified as unstructured interviews [65]. In an unstruc-
tured interview, there is an incomplete script; the researcher
may have prepared some key questions or guidelines beforehand,
but there is a need for freedom and flexibility to delve deeply in so-
cial reality [66]. The 43 local IS diagrams that resulted from the
interviews, after being verified for ambiguities and uncertainties
in a key informant session, were integrated into a global IS diagram
using an automated algorithm named the Global Construction
Algorithm (GCA) [67]. This algorithm is described in Section 4.4.
The creation of the global IS diagram from the local IS diagrams
ends the description phase of the MVIM method.
3.3. Data analysis: analysis phase
The global IS diagram that results from the description phase is
input to the analysis phase of the MVIM method. The analysis phase
in the UMCG case study consisted of two main activities. The first
activity was to organize a face validation session of the global IS dia-
gram with the key informants. A business process modelling activityis usually followed by a validation activity to check whether the
created model(s) reflect(s) reality [6]. Face validation uses expert
opinion to review if a model accurately reflects reality and meets
user expectations [68–70]. During the face validation session, which
lasted four hours, a walkthrough of the global IS diagram of the HNO
care pathway was performed. The walkthrough encompassed how a
patient flows through the various modelled interactions. The
researchers were interrupted by the two key informants when they
saw mistakes or omissions in the global IS diagram. This led to some
new interactions being added. Moreover, minor changes were made
to the routing, composition, and role assignment of existing
interactions.
The second activity was to demonstrate the business value of
the global IS diagram. This was primarily done through a process
improvement analysis of the (validated) global IS diagram. In
[71], the authors mention that a process improvement analysis
reaps business value from models, using them to discover new in-
sights and improvement opportunities. In the UMCG case study,
the process analysis took the form of a qualitative compliance anal-
ysis in which the HNO care pathway was analyzed for bottlenecks
and improvement opportunities according to a set of quality crite-
ria related to patient care. A key informant session was used to ob-
tain feedback on the correctness of the statements about
compliance. Secondarily, the global IS diagram has practical use
and value for communication and training within the HNO team.
Section 5 discusses in detail the business value of the global IS dia-
gram by discussing its purpose in communication and training, and
by presenting the compliance analysis. The evaluation of the MVIM
method was done by reflecting on its effectiveness and utility in
the UMCG case study. The three requirements presented in Section
1 (ability to represent the interaction structure of the target
healthcare HCP, ability to formalize tacit domain knowledge, and
utility or business value of the method) were used as evaluation
criteria. Section 6 presents the evaluation.4. Application of the Multi-View Interaction Modelling method
4.1. Preliminaries
The application of the MVIM method in this paper is a six-step
process consisting of three phases. Fig. 2 graphically depicts the
flow of the method. The first state of the method is a HCP without
a process definition of its human interaction structure. The first
step performs a business domain analysis to scope the target busi-
ness domain and to identify the human process participants (i.e.
interviewees). In steps 2a and 2b, the interviews are performed
to capture and model the local interaction views of the process par-
ticipants. This results in multiple local IS diagrams in which the ta-
cit domain knowledge of the interviewees is formalized. The third
step in the MVIM method automatically integrates the created lo-
cal IS diagrams into a single global IS diagram using GCA. The first
three steps make up the process description phase of the MVIM
method (see Fig. 2).
The fourth step performs face validation of the global IS dia-
gram with (key) people from the business domain under consider-
ation. The result after the fourth step is a global IS diagram that (1)
defines the HCP under study in terms of its human interaction
structure, and (2) correctly reflects reality and meets user expecta-
tions. The fifth step in the MVIM method reaps business value from
the global IS diagram. In this research, the business value takes the
form of identified HCP improvement opportunities. Steps 4 and 5
make up the process analysis phase of the MVIM method. The sixth
step, which makes up the process redesign phase, implements the
suggested improvements in the HNO care pathway. This phase is
outside the scope of this paper.
Fig. 2. Graphical representation of the steps (represented by rectangles) and states (i.e. results of steps, represented by circles) in the Multi-View Interaction Modelling
method. Directed arrows connect the rectangles and circles to represent execution flow.
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In the exploratory phase of the case study, as described in Section
3.2, the (para)medical disciplines/departments and the role names
(i.e. job titles) involved in the HNO care pathway were identified.
To minimize job interruption, the HNO steering team imposed two
constraints on the researchers with regard to the interviewee selec-
tion. First, a selection of roles had to be made for the interviews. For
example, the researchers were not allowed to interview ward doc-
tors and nurses. The HNO steering team considered it sufficient to
interview their direct supervisors (i.e. the nursing director/nurse
practitioner and the specialist). The result was a list of 43 roles
played by over 120 team members (i.e. there are multiple maxillofa-
cial surgeon oncologists, multiple medical social workers, multiple
dental hygienists, etc.). The second constraint was that the HNO
steering team considered it sufficient to interview one representa-
tive of each selected role. Therefore, in the end, 43 interviewees
were selected. Section 7 discusses how the imposed constraints,
which influenced the data collection process, were dealt with. Most
of the selected interviewees are from the four main departments in-
volved in the HNO care pathway: Maxillofacial Surgery (MFS), ENT
Surgery (ENT), Radiotherapy (RT), and Medical Oncology (MO). For
the other departments, a small fraction of the personnel is con-
cerned with head and neck oncology. The selected interviewees
are represented as human agents in an AS diagram of the HNO team
together with the identified organizational units (see Fig. 3).
In Fig. 3, triangle and circle icons, which appear in the top-left
corner of the agent symbol, distinguish synthetic and human
agents. The highest-level synthetic agent is the HNO team. The
UMCG is organized de-centrally in six sectors (A–E). The second
level of synthetic agents shows the four sectors. The third level
of synthetic agents shows the ten departments involved in the
HNO care pathway. The MFS, ENT, and MO departments contain
a fourth level of synthetic agents, which represent nursing wards,
polyclinics and specialist centers within departments. The other
departments are polyclinical departments only (e.g. RT depart-
ment) or are supportive departments (e.g. Department of Psychi-
atry). On the lowest level, Fig. 3 shows the 43 selected human
agents as members of the different departments. Normally,human agents are specified using name: role name (e.g. David
Ross: Maxillofacial Surgeon Oncologist). Here, for confidentiality
reasons, no person names are used. Therefore, all human agents
in Fig. 3 are depicted as anonymous instances (e.g. aMaxillofacial
Surgeon Oncologist).
Next, in the case study, the high-level IS diagram of the HNO
care pathway was created as indicated in Section 3.2. The diagram
is included in Appendix A. As Section 3.2 mentions, the diagram
depicts a general overview of the HNO care pathway in terms of
its main default interactions, and served as input to the interviews
to guide the interview conversation in the following ways: (i) it al-
lowed to explain the TALL modelling notations to the interviewees,
(ii) it allowed to explain, on a high level, the HNO care pathway to
the interviewees (i.e. what is the planned patient journey), and (iii)
it provided a starting point for the placement of the ‘local’ interac-
tions of the interviewees, which is useful for large-scale HCPs like
the HNO care pathway. The high-level IS diagram consists of the
following default interactions:
1. Referral: the patient is referred to either the maxillofacial sur-
geon oncologist or the ENT specialist oncologist by the general
practitioner, the dentist, or a specialist from another (regional)
hospital.
2. Diagnostic Day: to limit the amount of hospital visits, the diag-
nostic examinations regarding a possible ailment are clustered
on a diagnostic day at the polyclinic MFS or the polyclinic ENT. In
the morning, the patient is seen by the specialist and several
diagnostic examinations are performed (interaction Monodisci-
plinary Patient Intake). In the afternoon, specialists from the
MFS, ENT, and RT departments examine the ailment in the inter-
action Multidisciplinary Patient Intake Polyclinic ENT. Based on this
joint examination, the patient receives a treatment proposal at
the end of the diagnostic day (interaction Preliminary Treatment
Proposal).
3. Additional Diagnostics: additional diagnostics can consist of a
radiology examination, a pathology examination, or additional
clinical examination (e.g. an echo-guided puncture or biopsy,
or an exploratory surgery under narcosis with endoscopy and
possible dental extraction).
Fig. 3. The Agent Structure diagram of the head and neck oncology team.
7 All original 43 local IS diagrams of the HNO care pathway are in Dutch. Thus, all
interaction and role names in Fig. 4 have been translated from Dutch to English.
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specialist oncologist performs the clinical staging of the tumor
based on the available medical information.
5. Multidisciplinary Team Meeting: the HNO team meets to finalize
the individual treatment plan based on the clinical, radiology,
and pathology examinations. The treatment plan is verified
with the HNO team from the Medical Center Leeuwarden in
the interaction Teleconsulting Medical Center Leeuwarden. If
needed, also a patient reconstruction plan is made together
with the plastic surgeon (reconstructive surgery), implantolo-
gist (dental implant surgery), and the dentist from the center
of specialized dentistry (maxillofacial prosthetics) in the inter-
action Surgical Reconstruction Meeting.
6. Oncological Treatment: the basic treatments for head and neck
cancer are (a) Surgical Treatment (maxillofacial or ENT surgery
with or without reconstructive surgery), (b) Radiotherapy (pri-
mary or adjuvant treatment), (c) Chemotherapy, or (d) a combi-
nation of these like Chemoradiotherapy (primary or adjuvant
treatment).
7. Follow-Up Care: regular follow-up is important after treatment
to make sure the cancer has not returned or a secondary can-
cer has not developed. In most cases, follow-up continues for
a period of five years. Follow-up includes protocolized sur-
gery hours and medical check-ups. Furthermore, it includes
counselling and recovery/rehabilitation therapy by different
paramedics.4.3. Capture and modelling of local interaction views
As described in Section 3.2, the interview process resulted in 43
local IS diagrams. Since there was limited time during the inter-
views, the joint modelling was first done on paper. After, in the
interviewer’s own time, each model was inserted into the TALL Vi-
sual Editor, a software tool to create and edit TALL diagrams (see
Section 4.4), and saved as a local IS diagram. At this time, any
uncertainties or ambiguities from the interviews were clarified in
a key informant session since the researchers were not allowed
to approach the interviewees again. The obtained feedback was
processed in the local IS diagrams.
Fig. 4 depicts one local IS diagram from the set of 43 diagrams.7
This specific diagram depicts the local interaction view of the Radio-
therapeutic Physicist. The (local) interactions in this diagram detail
the interaction Pre-Treatment Period RT, one of the interactions in
the high-level IS diagram of the HNO care pathway (see Appendix
A). The pre-treatment period at RT is mainly concerned with the cre-
ation of a radiation treatment plan. The interaction structure in Fig. 4
reveals that the Radiotherapeutic Physicist is concerned with the tech-
nical assessment of the radiation treatment plan (interaction Techni-
cal Assessment RT Treatment Plan), which checks if the radiation
machine can execute the plan. To complete this interaction, the
Fig. 4. The local interaction structure diagram of the Radiotherapeutic Physicist.
M. Stuit et al. / Journal of Biomedical Informatics 44 (2011) 1039–1055 1047Radiotherapeutic Physicist initiates several sequential child interac-
tions: IMRT Measurement (transfer to and measurement of the radi-
ation treatment plan on the radiation machine), IMRT Reporting
(formal registration of the results of the IMRT measurement), and
IMRT Completion. The latter interaction consists of two exclusive con-
ditional interactions: a consultation with the Radiotherapist Oncolo-
gist in case any anomalies have been found during the IMRT
measurement (interaction Consultation Technical Assessment RT) or
a formal approval of the radiation treatment plan when no anoma-
lies have been found (interaction IMRT Accordance).
Besides the above-mentioned interactions, Fig. 4 shows that the
Radiotherapeutic Physicist is knowledgeable about three interac-
tions that are performed by colleagues before the technical assess-
ment of the radiation treatment plan:
 Diagnostic Day RT: patient intake at RT by the Radiotherapist
Oncologist.
 RT Treatment Planning: creation of the radiation treatment plan
by the Medical Dosimetrist based on the prescription of the
Radiotherapist Oncologist.
 RT Treatment Plan Assessment: functional assessment of the radi-
ation treatment plan by the Radiotherapist Oncologist.
Finally, Fig. 4 shows that the Radiotherapeutic Physicist is involved
in the interaction Radiation Treatment Plan Meeting. In this meeting,
which is led by the Radiotherapist Oncologist (see the initiator role inFig. 4), radiation treatment plans are presented and double-checked
before radiation treatment actually starts. The roles in Fig. 4 depict
the generic interaction participants the Radiotherapeutic Physicist
knows of. The role OIS RT stands for Oncology Information System
Radiotherapy. In the TALL modelling language, an information sys-
tem can be represented as an interaction participant [19].
Each local IS diagram represents a specific local (incomplete)
part of the overall HCP, which complement each other. For example,
with regard to the pre-treatment period at RT, the local IS diagram of
the Employee Care Administration RT is more specific about the inter-
actions that occur during the diagnostic day at RT. Similarly, the
local IS diagram of the Medical Dosimetrist is more specific about
the treatment planning at RT. Depending on the interviewee and
its (para)medical discipline or department, the other 42 local IS dia-
grams detail other treatments and phases in the HNO care pathway.
All 43 local IS diagrams can be downloaded together with the TALL
Visual Editor, which is discussed in the next section.
4.4. Integration of local interaction views
The MVIM method utilizes GCA to automatically integrate multi-
ple local IS diagrams into a single global IS diagram. GCA integrates
interactions, their relations, their roles, and their attributes. It can
integrate complementary or alternative interaction structures (i.e.
differences in local IS diagrams), and merge overlapping interaction
structures (i.e. commonalities in local IS diagrams). The reader is re-
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GCA. During the face validation session of the global IS diagram of the
HNO care pathway, as described in Section 3.3, the key informants
also indicated redundant interactions, which were the result of
ontology conflicts [72]. In GCA, interactions and roles are candidates
for merging when their labels are identical. However, different
interviewees may use different (medical) terms or terminology for
the same interactions and roles. A simple example from the case
study is the interaction Morning Nursing Ward Meeting, which was
named Morning Patient Discussion by some interviewees. In only a
few cases, the key informants found redundant interactions.
A software toolset supports the MVIM method. The TALL Visual
Editor allows the user to build and edit TALL diagrams. The editor
stores TALL diagrams and its modelling elements in an associated
database. In the face validation session, all key informant feedback
was processed live in the global IS diagram using the editor. A soft-
ware tool that implements GCA, named Local IS Integrator (LISI),
has been developed. LISI operates on the database created by the
Visual Editor. With LISI, the user can integrate a selected number
of local IS diagrams into a single global IS diagram, which the tool
saves as an additional diagram in the database. The user can thenFig. 5. The user interface of the integrator f
Table 1
The quality criteria that are input to the compliance analysis.
1 Systematic screening of patient symptoms and complaints, and referral to the a
phases of the care pathwaya
2 All patients are offered adequate follow-up care:
 Tailored recovery- and rehabilitation therapy is offered
 Adequate referral and transfer to primary care in the home environment
3 Every (non-critical) HNO patient is proposed an individual treatment plan, whic
4 The specialist or doctor informs the patient and his/her key relatives about the
5 Throughout all phases of the care pathway, it is clear to the patient and his/her
6 Key relatives are involved as much as possible based on the wishes of the patie
7 Prior to patient discharge, a concluding consultation with the (oncology) nurse
8 The possibility of a visit by a fellow sufferer (i.e. ex-patient) is pro-actively brou
9 To minimize patient hospital visits, diagnostic examinations are clustered on on
10 Good coordination and (digital) information-exchange takes place between hea
reports
a Diagnostic phase, hospitalization/treatment phase, and follow-up phase.load the database in the Visual Editor to visualize the global IS
diagram. Fig. 5 shows the main user interface of LISI. The 43 local
IS diagrams of the HNO care pathway were integrated using LISI.
Appendix B shows a screenshot of the Visual Editor with a frag-
ment of the produced global IS diagram of the HNO care pathway.
The complete global IS diagram consists of 410 unique interactions
and 157 unique roles, and is included in the download of the Visual
Editor. Note that, all original case study diagrams (i.e. the local and
the global IS diagrams), which are available online, are in Dutch. All
software tools are freely available from the software section on
http://www.agentlab.nl/.
5. Business value: practical results
The global IS diagram provides an integrated end-to-end over-
view of the interactions in the HNO care pathway. Now that the
interactions in the HNO care pathway are defined in a model, the
HNO care pathway becomes amenable to analysis. Business value
can be reaped from the global IS diagram, by using it to discover
HCP improvement opportunities. This section realizes two model
purposes of the global IS diagram, which generate business value.or local interaction structure diagrams.
ppropriate medical professional or paramedic in an early stadium throughout all
h has been discussed in a multidisciplinary meeting before treatment starts
results of the oncological treatment immediately after the treatment
key relatives who their contact person is in case of questions and/or problems
nt. If needed, key relatives receive professional support
and/or ward doctor takes place
ght to the attention of the patient
e day and location as much as possible
lthcare workers. Clinicians have 24-h direct access to relevant medical data and
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As mentioned in Section 3.1, the HNO team participates in the
NWHHT, whose primary goal is to improve the quality of the
HNO care in the Netherlands. The HNO team strives to comply with
the NWHHT guidelines to remain an acknowledged and certified
HNO treatment center. Moreover, the HNO team realizes strongly
that the improvement of the HNO care pathway is a continuous
process. In the healthcare domain, quality of care is often associ-
ated to and determined by the needs of the patient. A recent report
from two Dutch HNO patient associations [73], written in cooper-
ation with the NWHHT, formulates quality criteria from the pa-
tients’ viewpoint (from now on: the HNO report). Table 1
presents ten quality criteria from the HNO report, which were se-
lected based on the scope of the current study.
Compliance management or regulatory compliance is about the
need of organizations to check their compliance with relevant
laws, regulations, and procedures [74]. A compliance analysis is
used to investigate compliance of the HNO care pathway with
the quality criteria in Table 1. For each quality criterion, the com-
pliance analysis identifies (lack of) relevant interaction structures
in the global IS diagram of the HNO care pathway. Then, it makes
a statement about compliance and suggests organization improve-
ment actions when necessary. To verify the statements about com-
pliance with the quality criteria, key informant sessions were used
to discuss and illuminate the identified interaction structures, and
make sure that useful improvements are suggested. For confidenti-
ality reasons, the full compliance analysis is not included in this
paper. In general, the compliance analysis reveals that the HNO
care pathway is a coordinated and integrated whole of interac-
tions. However, for some of the quality criteria, improvement ac-
tions are suggested. For these criteria, Appendix C presents a
summary of the results of the compliance analysis, the key infor-
mant sessions, and the suggested improvement actions.
5.2. Communication and training
Currently, the HNO team members have their own local views
of the HNO care pathway. The global IS diagram of the HNO care
pathway reflects the formalized and consolidated domain knowl-
edge or understanding of the interviewed HNO team members.
The business value of the global IS diagram is its ability to commu-
nicate that understanding to all healthcare workers (and any other
stakeholders). It is important for all involved healthcare workers to
have a good understanding of the global interaction structure of
the HNO care pathway because:
 to improve coordination, integration, and continuity of care, it is
important that healthcare workers understand the interactions
and responsibilities of colleagues both within and across
(para)medical disciplines and departments (i.e. who delivers
which care and when);
 to better assess a patient’s needs and emotional condition, and
to improve quality of care, it is important that healthcare work-
ers understand the patient’s complete journey through the care
pathway.
The suggested organization improvement action is to make
HNO team members knowledgeable of the HNO care pathway via
the global IS diagram. Ideally, this is part of a training course for
(new) healthcare workers. The business value of such a training
course is that employees are better informed in individual patient
contact and in interactions with colleagues. Moreover, employees
are in a better position to participate in process improvement pro-
jects or even to implement (local) improvements in daily work
practice themselves.6. Evaluation
According to [75], a design solution is effective when it satisfies
the requirements and constraints of the problem it was meant to
solve. The objective of this paper was to introduce, apply, and eval-
uate a novel modelling method that fits the HNO care pathway, and
addresses the organizational problem. The core of the organizational
problem is the implicit interaction structure of the HNO care path-
way, and the resulting lack of a proper basis for its analysis and
improvement. The evaluation described in this section is a reflection
on the effectiveness of the (application of the) MVIM method. The
requirements put forward in Section 1 and the characteristics of
the HNO care pathway listed in Section 3.1 are used as measures
for the success of the evaluation.
The first requirement is that the MVIM method should be able
to describe the interaction structure of the HNO care pathway. The
interaction-centricity of the MVIM method, which is the result of
the use of the TALL modelling language, proved advantageous in
the case application. This because the focus of the modelling effort
was to describe the interactions between the healthcare workers
rather than the development of a step-by-step task model. Thus,
the TALL modelling language proved well suited for the description
of the target HCP’s interaction structure. In this regard, the lan-
guage suits the collaborative nature of the HNO care pathway
(characteristic one). In particular, the tree layout of the IS diagram,
with the possibility to specify different routings between interac-
tions, proved an effective way to tackle the complexity of the
HNO care pathway (characteristic three). This confirms previous
research into the effectiveness of tree-based representations
[76,77]. Moreover, the interaction-centricity enabled the modellers
to focus on the essential interactions in the HNO care pathway,
which are more stable. In other words, the interaction specification
is independent of the dynamic realization of the interactions
through the execution of individual tasks. Thus, the IS diagram al-
lows to specify what to perform without specifying how to perform
it. This allowed to address the dynamic nature of the HNO care
pathway (characteristic four). As indicated in Section 3.1, excep-
tions are an important part of healthcare collaboration. Exceptions
commonly occur (unexpectedly) during interaction execution. Sec-
tion 2.1 explains that interactions are performed by the local
behaviors of the interaction participants. Thus, the trigger to start
a new interaction for exception handling occurs at the behavior le-
vel. This implies that, in an execution context, the IS diagram is a
(partly) emergent artefact since interactions may take place that
were not modelled in advance, or modelled interactions may not
complete or occur at all. The use of the IS diagram in a (system)
execution context has not been the focus of this paper. However,
it is discussed in Section 8 as an important part of future work.
The point here is that GCA, which is used by the MVIM method
to automatically integrate multiple local IS diagrams into a single
global IS diagram, can also be used at execution time to support
on-the-fly (structural) change of the IS diagram when an eventual
software system for HCP support is in place [19,67]. After execu-
tion, the IS diagram may then serves as an execution log of the
interactions in the target HCP. In this regard, the XOR and XORd
routing constructs in the IS diagram allow to include and traverse
exceptions, being alternative executions, straightforwardly.
The second requirement is that the MVIM method should facil-
itate the externalization and formalization of the tacit domain
knowledge of the HNO team members in graphical process models.
The multi-view support provided the ability to capture and model
the local interaction views of the interviewed HNO team members
in 43 local IS diagrams. Since the TALL modelling effort starts from
a local viewpoint, the MVIM method is a decentralized modelling
method. This matches the multidisciplinary (i.e. decentralized)
nature of the HNO care pathway (characteristic two). Moreover,
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ing the complexity of the HNO care pathway (characteristic three):
 The modeller(s) could focus on segments (i.e. local IS diagrams),
which were then automatically integrated to form a whole (i.e.
global IS diagram). This divide-and-conquer strategy proved
effective in practice.
 The interviews took the form of mini-workshops in which the
modeller created each local IS diagram in active cooperation
with the interviewee. This had the advantage of immediate val-
idation. Moreover, the modeller nor the interviewee did have to
create the local IS diagrams alone.
 The individual nature of the local IS diagrams created a sense of
ownership among the interviewees. This fuelled their interest
and involvement, which led to more precise diagrams.
The automatic integration, using GCA, of the 43 local IS dia-
grams into a single global IS diagram of the HNO care pathway pro-
vided the following benefits:
 Two modellers used interviews to create the 43 local IS dia-
grams as input for GCA. There was no need for the modellers
to discuss or agree with each other. In theory, an entire team
of process modellers, who work independently and concur-
rently, can execute the modelling effort. This is especially useful
for large-scale HCPs (characteristic five).
 The integration of the 43 local IS diagrams was done by GCA, an
algorithm, instead of being done by a human modeller. This
ensured that all local interaction views were properly consoli-
dated in the global IS diagram.
The integration of the local IS diagrams into a global IS diagram
can be done in two ways: automatic by using GCA or manual by
the (lead) human modeller. In this research, the automatic way
was chosen for two reasons. First, the modeller, who is also playing
the interviewer and organization observer role, may be influenced
by the various local views and opinions and hereby introduce a bias
in the result – for example shifting the global view towards one or
another local view. In other words, the modeller is not a neutral en-
tity. The advantage of applying GCA is that no aspects of the local
views are lost because the integration rules are consistently applied
(i.e. fair treatment of local views, only duplications and/or overlaps
are pruned for the global IS diagram). In this sense, one can consider
the application of GCA as a neutral approach – recommended for any
application of the MVIM method. Second, for large-scale HCPs like
the HNO care pathway, mistakes are likely to be made by a human
modeller because of the large number of local IS diagrams that have
to be integrated. In this regard, the advantage of GCA is that the inte-
gration is rigorous.
The third requirement is that the application of the MVIM
method should contribute to an improvement of the HNO care
pathway. The practical results in Section 5 demonstrate that
the global IS diagram, which is produced by the MVIM method,
brings business value. The reflection above reveals that the
MVIM method suits the characteristics of the HNO care pathway
and meets the requirements set out in advance. The MVIM
method successfully brings explicitness to the HNO care path-
way in terms of the proper capture and modelling of its interac-
tion structure, which opened up the door for proper analysis and
improvement.
7. Discussion
The healthcare HCP studied in the UMCG case study is represen-
tative of other medical diagnosis and treatment processes, which
are concerned with patients with a chronic disease. In such HCPs,healthcare workers are motivated or pressured to collaborate in a
multidisciplinary team for effective long-term treatment. There is
a trend to organize such processes in care pathways [78,79].
Although other healthcare HCPs might differ in scale and degree
of complexity, in general, they share the characteristics of the
HNO care pathway: collaborative, multidisciplinary, complex, dy-
namic, and large-scale. Thus, the MVIM method can be beneficial
in the broader healthcare domain.
Multidisciplinary collaboration is not self-evident in the
healthcare domain [59]. The details of the practical results in
Appendix C show that multidisciplinary collaboration is not al-
ways effective in the HNO care pathway, especially in the trans-
fer periods between different (para)medical disciplines or
departments. However, both medical professionals and patient
organizations increasingly consider multidisciplinary collabora-
tion a necessity to improve quality of care. In line with this
development, there is a move towards more flexible organiza-
tional structures with a focus on teamwork and healthcare col-
laboration [12]. The interest of the HNO steering team in the
current research shows that initiatives to improve healthcare
collaboration are considered important.
The collaborative nature of healthcare HCPs is characterized
by less certainty, more ambiguity, and more complexity. To facil-
itate the improvement of healthcare HCPs, modelling tools that
suit their nature are needed to make them explicit and amenable
to analysis. To make healthcare HCPs explicit, the tacit domain
knowledge of the involved healthcare workers needs to be made
explicit (in models). The MVIM method can be used for this
purpose.
In healthcare organizations, hospitals in particular, care proto-
cols exist. Care protocols are treatment recommendations that
are most often based on guidelines [80]. These protocols are usu-
ally enacted in a top-down manner as to reduce variation in
treatment and outcomes, and to maintain or improve quality
of care [81]. As mentioned in Section 3.1, the NWHHT develops
national guidelines for head and neck cancer care in the Nether-
lands. A care protocol is an outline of planned care but not a re-
cord of what happens in practice. Thus, with regard to existing
care protocols in healthcare organizations, the role of the MVIM
method is to collect reality through the bottom-up capture and
modelling of local interaction views. After integration, the global
interaction view provides a rich description of actual human
interaction that can be used to identify process improvement
opportunities. The identified improvement opportunities may
be used to revise existing care protocols or to inform the devel-
opment of new care protocols.
The paradigm shift towards interaction-centric process design
may have implications for healthcare practice and management,
and the possible future (re)design of healthcare systems:
 structural implications: blurring of organizational boundaries;
 decisional implications: changing planning and management
systems;
 financial implications: changing funding mechanisms, budget
cycles, and resource flows;
 professional implications: changing roles and responsibilities.
A perceived limitation in the case study was the imposed
constraint to select one representative from a subset of roles
for the interviews. This may have posed the risk that valuable
(tacit) domain knowledge was not collected and therefore the
global IS diagram is less accurate. In the case study, this limita-
tion was addressed through face validation of the global IS
diagram with the key informants. Still, even the key informants
have local (i.e. restricted) views. Therefore, the MVIM method is
most advantageous when the business domain under
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interviewed.8. Conclusions and future work
In the healthcare domain, HCPs require interaction between
healthcare workers from different (para)medical units in both
diagnosis and treatment. Typical healthcare HCPs are concerned
with effective long-term treatment of patients with a chronic
disease. Healthcare HCPs are an essential part of modern health-
care organizations, hospitals in particular. Thus, it is important
for managers to have a deep understanding of the functioning
of HCPs, as a necessary precursor to improve their effectiveness
and/or to develop IT for their support. A common way to in-
crease understanding of processes is to conduct a business pro-
cess study in which a business process is defined in a model
using a graphical modelling language after which the model is
analyzed to identify improvement opportunities. This paper ar-
gues that the representation of human interaction structures is
weak in existing workflow-based process modelling tools, which
are most commonly applied in healthcare process management.
These tools are most effective when the business activity is
repetitive and well-structured (e.g. clinical workflows). As a re-
sult, workflow models usually focus on the task (performed by
a single actor) instead of the interaction (performed by multiple
actors).
This paper reports on a business process study of a health-
care HCP at a Dutch academic hospital in which a novel Mul-
ti-View Interaction Modelling (MVIM) method is introduced,
applied, and evaluated. The MVIM method utilizes the interac-
tion-centric TALL business process modelling language to de-
scribe the target HCP’s human interaction structure (i.e. the
interactions, their composition and routing relations, and their
roles). The selected healthcare HCP is the head and neck
oncology care pathway in which a multidisciplinary team of
healthcare workers from over 40 (para)medical disciplines col-
laborates. The addressed organizational problem is that there
is no process definition and managerial awareness of the inter-
actions in the selected healthcare HCP. As a result, there is no
proper basis for process analysis and improvement. Improve-
ment is considered important to increase integration, continuity,
and quality of the provided care.
The interaction-centricity of the MVIM method, which is the re-
sult of the use of the TALL modelling language, matches the differ-
ent nature of the business activity in (healthcare) HCPs (i.e.
collaboration instead of task sequence). The evaluation results
show that the method is a useful and effective tool to capture
and model the target HCP’s human interaction structure. In the
medical profession, healthcare workers develop specialized (tacit)
domain knowledge within their own functional areas. Besides the
effective description capability, the MVIM method is proven effec-
tive to (1) collect and formalize the tacit domain knowledge of
interviewed healthcare workers in local (i.e. individual) interaction
diagrams and (2) generate automatically a single integrated global
interaction diagram based on the local interaction diagrams. In this
way, the method takes advantage of the distributed knowledge of
the subject matter experts, which leads to a more accurate and
complete global interaction diagram. Subsequent qualitative inter-
action analysis of the global interaction diagram demonstrates its
business value through the identification of several desirable pro-
cess improvement opportunities. Based on its identified character-
istics, this research concludes that the studied healthcare HCP is
representative of most care pathways and/or medical diagnosis
and treatment processes. Thus, the MVIM method is expected to
be useful in the broader healthcare domain. When used morewidely, interaction-centric modelling tools like the MVIM method
may have implications for the (re)organization and management of
(future) healthcare systems.
An interesting avenue for future research is to investigate or
include the patient’s view of the studied healthcare HCP. In this
regard, shadowing may be used as a research method to observe
the collaboration from the patient’s point of view. Shadowing is
a qualitative research technique, which involves a researcher clo-
sely following a member of an organization over an extended
period of time [82]. The researcher unobtrusively records the
what, when, where, and how the subjects perform its activities
in the real world [35].
The next step with the MVIM method is to strengthen the eval-
uation through crosschecking and replication of the successful
results from the hospital case study. Although the HCP studied in
this paper is not atypical, other cases from both the healthcare
domain and other domains need to be performed. This allows to
examine the method’s capabilities, and to improve and/or extend
its design. One of the goals is to explore the use of other data col-
lection methods for the interaction capture from the human pro-
cess participants. The future case studies are planned to include
the application of workflow-based process modelling languages
to demonstrate that these are less effective for the modelling of
HCPs, as compared to the TALL modelling language. Moreover, in
future healthcare case studies, the IS diagram created in a first
modelling phase is to be used as an effective base for the agent
behavior modelling in a second modelling phase. This allows defi-
ciencies and/or innovations within and across local agent behav-
iors to be identified, which can improve collaboration and
interaction on the behavior level, as demonstrated in [20] for a
Dutch municipality.
When the MVIM method is to be useful to organizations over a
longer period, it should be possible to quickly update the global IS
diagram to reflect new (local) work practices. To achieve this, the
local IS diagrams can be maintained by the organization and up-
dated when (local) change occurs. A new global IS diagram can
then be automatically generated using the MVIM method. Overall,
all the TALL diagrams should be easy to maintain, inspect, use,
change, compare, and integrate. Therefore, future research will fo-
cus on the development of an interactive (multi-user) diagram
management system, which includes the current diagram editor
and integrator for local IS diagrams. As an extension, this system
may use the global IS diagram to monitor the execution of the
interactions in a given HCP. In this context, a log of an executed
HCP can contain various temporal data like interaction start and
end times. Such data can be used for quantitative analysis to iden-
tify and address bottlenecks and delays. To support such an analy-
sis, future work plans to develop a time-based visualization for the
TALL IS diagram, in which interactions are laid out on a time axis.
The TALL modelling language is already extended with temporal
interaction attributes. Another long-term goal is to apply interac-
tion-centric process modelling methods and languages – like the
MVIM method and the TALL modelling language – as the first
phase in the development of multi-agent systems that support
HCPs.
Acknowledgments
First, many thanks go to Bas Dijkstra for his technical expertise
on programming the software tools and his part in the execution of
the interviews. Second, the authors would like to thank the key
informants for their accessibility, support, and valuable input.
Third, the authors thank the interviewees for their availability
and knowledge sharing. Finally, gratitude is offered to the review-
ers for providing comments that considerably improved the quality
of this paper.
1052 M. Stuit et al. / Journal of Biomedical Informatics 44 (2011) 1039–1055Appendix A
The high-level interaction structure diagram of the head and













































































































































The global interaction structure diagram of the head and neck
oncology care pathway in the TALL Visual Editor.8 The original diagram is in Dutch. All interaction names have been translated from
Dutch to English.
r nutrition and weight problems), Medical Social Worker 
ral Counsellor (for spiritual and religious problems), 
pist (for speech and swallowing problems), Physiotherapist 
al and dental care). The global IS diagram of the HNO care 
 most prominent in the hospitalization/treatment and follow-
agnostic phase thus depending on the judgment of the physicians  
cated to make adequate paramedical diagnoses. The    
rd and/or protocolize the paramedic process, preferably on 
ents and initiate timely counselling and/or therapy. This 
ENT patients with laryngeal cancer during pre-operative 
s are to be diagnosed by the physicians or nurses;
o the psychosocial needs of non-surgical ENT patients (e.g. 
the medical social worker in Sector B often never sees them 
(i.e. RT);
this nurse arranges home care during hospitalization close to
are not hospitalized or who require home care before 
tients during the admission conversation using the MUST 
erformed at the diagnostic day, which means dietary 
 of the large population. Therefore, the suggested 
tic use of screening lists by physicians and nurses in all 
en’ themselves and communicate their needs to healthcare 
ially in the diagnostic phase.
p care is well organized with regular doctor-patient (i.e. 
ostly treated in-house to provide adequate follow-up care. 
when travel distance or patient conditions inhibit frequent 
l, but not all, paramedic-patient interactions run in parallel 
tion is to improve alignment and coordination during follow-
 to set up a joint polyclinic for the MFS, ENT, and RT 
s several interactions between specialist nurses and patients 
during these periods. However, during transfer from one to 
 to contact. The suggested improvement action is to 
imary contact person throughout the entire care pathway.
gnostic examinations are clustered on the first diagnostic 
ome diagnostic examinations, especially medical imaging, 
emand is bigger than supply. This makes it difficult to 
gested improvement action is to arrange fixed time slots 
sk maxillofacial surgeons and ENT specialists in regional 
e medical imaging results.
ay reveals that IT systems are used for digital reporting and 
mited, especially in the diagnostic phase. Thus, important 
atment, home situation, psychosocial problems etc.) is not 
ly when medical decisions have to be made. For example, in 
ld like to be able to examine all medical information 
ed improvement action is to improve reporting and 
 of anamnesis. There are currently initiatives to protocolize 
 scheduling system is not involved in the interactions at RT.
se of proprietary systems. The result is that other disciplines 
ing combined treatment. This is especially important for MO 
FS, who have daily interactions with the RT patients for 
vement action on the long term is to investigate the 
e short term, the suggested improvement action is to give a 
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1 The following paramedics are present in the HNO team: Dietician (fo
and Nurse Practitioner Psychiatry (for psychosocial problems), Pasto
Discharge Liaison Nurse (for home care management), Speech Thera
(for problems with the locomotor apparatus), Dental Hygienist (for or
pathway shows that interactions between paramedics and patients are
up phases. Thus, paramedics are not systematically involved in the di
and nurses for referral. However, these healthcare workers are not edu
suggested improvement action, on the longer term, is to bring forwa
the first diagnostic day. This allows paramedics to filter out more pati
applies especially to the following paramedics:. Pastoral Counsellor: the pastoral assessment is protocolized for 
hospitalization. For other patients, spiritual or religious problem. Medical Social Worker Sector B: there is insufficient insight int
primary RT patients). After referral to RT by the lead clinician,
again. There is no dedicated medical social worker in Sector D . Discharge Liaison Nurse Sector B: for MFS and ENT patients, 
patient discharge. In this way, home care needs of patients who 
hospitalization are not property assessed;. Dietician Sector B: the ward nurse screens the MFS and ENT pa
(Malnutrition Universal Screening Tool). This screening is not p
consultations may be scheduled too late;
It is hard to protocolize the paramedic process for all patients because
organization improvement action, on the short term, is the systema
phases of the care pathway. Screening lists allow patients to ‘self-scre
workers. These lists help to clarify and sharpen referral criteria, espec
2 The global IS diagram of the HNO care pathway shows that follow-u
medical check-ups) and paramedic-patient interactions. Patients are m
Referral to primary healthcare in the home environment is only done 
treatment by the HNO team. The global IS diagram shows that severa
with the doctor-patient interactions. The suggested improvement ac
up care to reduce patient hospital visits. There are currently initiatives
departments.
5 During periods at specific departments, the global IS diagram include
to provide overall guidance. It is clear to the patient whom to contact 
another department, which is often a home period, it is not clear whom
appoint a case manager at the first diagnostic day who remains the pr
9 The global IS diagram of the HNO care pathway shows that most dia
day. This successfully reduces the number of patient hospital visits. S
are not performed on the first diagnostic day. Delays occur because d
finalize the treatment plan for the patient in a timely fashion. The sug
for medical imaging. Another suggested improvement action is to a
hospitals, from where some patients are referred, to perform and shar
10 Analysis of the roles in the global IS diagram of the HNO care pathw
appointment scheduling. However, the inserted information is quite li
medical information (e.g. medical history, medication, preliminary tre
available for all disciplines from the start. This is ineffective especial
the case of adjuvant radiotherapy after maxillofacial surgery, RT wou
collected in the diagnostic and treatment period at MFS. The suggest
information sharing across disciplines. This avoids needless repetition
the timely availability of medical information.
The global IS diagram reveals that the hospital-wide appointment
The complex radiation planning procedures and schemes require the u
cannot effectively follow RT patients and/or cluster appointments dur
in the case of chemoradiotherapy and for the dental hygienists from M
oral and dental care during radiation treatment. The suggested impro
suitability of the appointment scheduling system for use at RT. On th
selection of personnel access to the proprietary systems of RT.
References
[1] Andersson A, Hallberg N, Timpka T. A model for interpreting work and
information management in process-oriented healthcare organisations. Int J
Med Inform 2003;72(1–3):47–56.
[2] Hägglund M, Scandurra I, Kochab S. Scenarios to capture work processes in
shared homecare: from analysis to application. Int J Med Inform
2010;79(6):126–34.[3] Kane B, Luz S. Multidisciplinary medical team meetings: an analysis of
collaborative working with special attention to timing and teleconferencing.
CSCW 2006;15(5/6):501–35.
[4] Reddy M, Bardram J, Gorman P. Special issue call for papers: supporting
collaboration in healthcare settings. Int J Med Inform 2009;78(1):I.
[5] Dalmaris P, Tsui E, Hall B, Smith B. A framework for the improvement of
knowledge-intensive business processes. Bus Process Manag J 2007;13(2):
279–305.
1054 M. Stuit et al. / Journal of Biomedical Informatics 44 (2011) 1039–1055[6] Weske M. Business process management: concepts, languages, architec-
tures. Berlin, Germany: Springer; 2007.
[7] Cull R, Eldabi T. A hybrid approach to workflow modelling. J Enterprise Inform
Manag 2010;23(3):268–81.
[8] van der Aalst WMP, van Hee KM. Workflow management: models, methods
and systems. Cambridge, MA, USA: The MIT Press; 2002.
[9] Hall JM, Johnson ME. When should a process be art, not science? Harv Bus Rev
2009;87(3):58–65.
[10] Harrison-Broninski K. Human processes: playing in the orchestra on the
titanic. BPTrends Column [Internet]; 2010 January. <http://www.bptrends.
com/publicationfiles/ONE_01-10-COL-HumanProcesses-Harrison-Broninski-
20091224.pdf> [cited 23.09.10].
[11] Gratton L. The democratic enterprise: liberating your business with freedom,
flexibility and commitment. London, UK: Financial Times Prentice Hall; 2004.
[12] Brooks C. Working with healthcare professionals. In: Walshe K, Smith J,
editors. Healthcare management. Maidenhead, Berkshire, UK: Open University
Press; 2006. p. 253–68.
[13] Mans RS, Russell NC, van der Aalst WMP, Bakker PJ, Moleman AJ, Jaspers MW.
Proclets in healthcare. J Biomed Inform 2010;43(4):632–49.
[14] Lenz R, Reichert M. IT support for healthcare processes. In: van der Aalst WMP,
Benatallah B, Casati F, Curbera F, editors. Business process
management. Berlin, Germany: Springer; 2005. p. 354–63.
[15] Wu B, Wang M, Yun M. An agent-based system for healthcare process
management. In: ICEIS’09: Proceedings of the 11th international conference on
enterprise information systems; 2009 May 6–10; Milan, Italy. Setubal,
Portugal: INSTICC; 2009. p. 45–9.
[16] Middleton S, Barnett J, Reeves D. What is an integrated care pathway? What
is? 2001;3(3):1–8. [Internet]. <http://www.medicine.ox.ac.uk/bandolier/
painres/download/whatis/What_is_an_ICP.pdf> [cited 06.04.11].
[17] Chaffey D, Wood S. Knowledge management strategy. In: Chaffey D, Wood S,
editors. Business information management: improving performance using
information systems. Harlow, England: Financial Times Prentice Hall; 2005. p.
221–72.
[18] Stuit M, Szirbik NB. Modelling and executing complex and dynamic business
processes by reification of agent interactions. In: O’Hare GMP, Ricci A, O’Grady
MJ, Dikenelli O, editors. Engineering societies in the agents world VI. Berlin,
Germany: Springer; 2007. p. 106–25.
[19] Stuit M, Szirbik NB. Towards agent-based modeling and verification of
collaborative business processes: an approach centered on interactions and
behaviors. Int J Cooper Inform Syst 2009;18(3/4):423–79.
[20] Stuit M, Wortmann JC. A collaboration process study with application of agent
interaction and behavior diagrams. In: CTS’10: Proceedings of the 2010
International Symposium on Collaborative Technologies and Systems; 2010
May 17–21; Chicago, IL, USA. Washington, DC, USA: IEEE Computer Society;
2010. p. 302–13.
[21] Kolfschoten GL, de Vreede G, Briggs RO, Sol HG. Collaboration ‘engineerability’.
Group Decis Negot 2010;19(3):301–21.
[22] White SA. Introduction to BPMN. Technical Report IBM Corporation [Internet];
2004 May. <http://www.bpmn.org/Documents/Introduction_to_BPMN.pdf>
[cited 19.04. 11].
[23] OASIS. Web services business process execution language version 2.0.
Technical Report Organization for the Advancement of Structured
Information Standards (OASIS) [Internet]; 2007 April <http://docs.oasis-
open.org/wsbpel/2.0/OS/wsbpel-v2.0-OS.pdf> [cited 19.04.11].
[24] Desel J. Process modeling using Petri nets. In: Dumas M, van der Aalst WMP,
ter Hofstede AHM, editors. Process-aware information systems: bridging
people and software through process technology. Hoboken, NJ, USA: John
Wiley & Sons; 2005. p. 147–77.
[25] Dumas M, ter Hofstede AHM. UML activity diagrams as a workflow
specification language. In: Gogolla M, Kobryn C, editors. UML 2001 – the
unified modeling language. Modeling languages, concepts, and
tools. Heidelberg, Berlin, Germany: Springer; 2001. p. 76–90.
[26] Eshuis R. Semantics and verification of UML activity diagrams for workflow
modeling [dissertation]. Twente, the Netherlands: University of Twente; 2002.
<http://doc.utwente.nl/64834/1/eshuis.pdf>.
[27] Scheer W, Thomas O, Adam O. Process modeling using event-driven process
chains. In: Dumas M, van der Aalst WMP, ter Hofstede AHM, editors. Process-
aware information systems: bridging people and software through process
technology. Hoboken, NJ, USA: John Wiley & Sons; 2005. p. 119–45.
[28] Mayer RJ, Painter MK, deWitte PS. IDEF family of methods for concurrent
engineering and business reengineering applications. Technical Report
Knowledge Based Systems Inc. [Internet]; 1992 February. <http://
www.idef.com/pdf/IDEFFAMI.pdf> [cited 19.04. 11].
[29] Hommes BJ. The evaluation of business process modeling techniques [disserta-
tion]. Delft, the Netherlands: Delf University of Technology; 2004. <http://
www.m3pe.org/reading/Hommes-PhD-EvaluationBPMTechniques.pdf>.
[30] Barjis J. An innovative method for business process modeling. In:
MSVVEIS’07: Proceedings of the fifth international workshop on modeling,
simulation, verification and validation of enterprise information systems;
2007 June 12–13; Funchal, Madeira, Portugal. Setubal, Portugal: INSTICC;
2007. p. 31–42.
[31] De Backer M, Snoeck M, Monsieur G, Lemahieu W. A scenario-based
verification technique to assess the compatibility of collaborative business
processes. Data Knowl Eng 2009;68(6):531–51.
[32] Melão N, Pidd M. A conceptual framework for understanding business
processes and business process modeling. Inform Syst J 2000;10(2):105–29.[33] Ryu K, Yücesan E. CPM: a collaborative process modelling for cooperative
manufacturers. Adv Eng Informat 2007;21(2):231–9.
[34] Abraham J, Reddy MC. Challenges to inter-departmental coordination of
patient transfers: a workflow perspective. Int J Med Inform 2010;79(2):
112–22.
[35] Brixey JJ, Robinson DJ, Turley JP, Zhang J. The roles of MDs and RNs as initiators
and recipients of interruptions in workflow. Int J Med Inform 2010;79(6):
109–15.
[36] Huser V, Peissig PL, Christensen CA, Starren JB. PS1-21: evaluation of
commercial workflow engine for modeling clinical processes in quality
improvement and decision support. Clin Med Res 2010;8(1):46.
[37] Malhotra S, Jordan D, Shortliffe E, Patel VL. Workflow modeling in critical care:
piecing together your own puzzle. J Biomed Inform 2007;40(2):81–92.
[38] Rojo MG, Rolón E, Calahorra L, García FO, Sánchez RP, Ruiz F, et al.
Implementation of the Business Process Modelling Notation (BPMN) in the
modelling of anatomic pathology processes. Diagn Pathol. 2008;3(Suppl. 1):S22.
[39] Vankipuram M, Kahol K, Cohen T, Patel VL. Toward automated workflow
analysis and visualization in clinical environments. J Biomed Inform
2011;44(3):385–506.
[40] Kalpic B, Bernus P. Business process modelling in industry – the powerful tool
in enterprise management. Comput Ind 2002;47(3):299–318.
[41] Binder W, Constantinescu I, Faltings B, Haller K, Türker C. A multiagent system
for the reliable execution of automatically composed ad-hoc processes. Auton
Agent Multi-Agent Sys 2006;12(2):219–37.
[42] Buhler PA, Vidal JM. Towards adaptive workflow enactment using multi-agent
systems. Inf Technol Manag 2005;6(1):61–87.
[43] Delias P, Doulamis A, Matsatsinis N. What agents can do in workflow
management systems. Artif Intell Rev 2011;35(2):155–89.
[44] Ehrler L, Fleurke M, Purvis M, Savarimuthu BTR. Agent-based workflow
management systems (WfMSs): JBees – a distributed and adaptive WfMS with
monitoring and controlling capabilities. Inform Syst E-Bus Manag
2006;4(1):5–23.
[45] Reijers HA, Poelmans S. Re-configuring workflow management systems to
facilitate a ‘‘smooth flow of work’’. Int J Cooper Inform Syst 2007;16(2):
155–75.
[46] van der Aalst WMP, Pesic M, Schonenberg H. Declarative workflows: balancing
between flexibility and support. Compu Sci Res Dev 2009;23(2):99–113.
[47] Verginadis Y, Mentzas G. Agents and workflow engines for inter-organiza-
tional workflows in e-government cases. Bus Process Manag J 2008;14(2):
188–203.
[48] Melby L, Toussaint PJ. Coping with the unforeseen in surgical work. Int J Med
Inform 2011;80(8):e39–47.
[49] Reijers HA, Russell N, van der Geer S, Krekels GAM. Worfklow for healthcare: a
methodology for realizing flexible medical treatment processes. In: Rinderle-
Ma S, Sadiq S, Leymann F, editors. Business process management
workshops. Berlin, Germany: Springer; 2010. p. 354–63.
[50] Houy C, Fettke P, Loos P. Empirical research in business process management –
analysis of an emerging field of research. Bus Process Manag J 2010;16(4):
619–61.
[51] Carr NG. IT doesn’t matter. Harv Bus Rev 2003;81(5):41–9.
[52] Barjis J. Collaborative participative and interactive enterprise modeling. In:
Filipe J, Cordeiro J, editors. Enterprise information systems. Berlin,
Germany: Springer; 2009. p. 651–62.
[53] Yin RK. Case study research: design and methods. 3rd ed. Thousand Oaks, CA,
USA: Sage Publications; 2003.
[54] Eisenhardt KM. Theory building from cases: opportunities and challenges.
Acad Manag J 2007;50(1):25–32.
[55] Dul J, Hak T. Case study methodology in business research. Oxford,
UK: Butterworth-Heinemann Elsevier; 2008.
[56] Gibbert M, Ruigrok W, Wicki B. What passes as a rigorous case study? Strat
Manag J 2008;29(13):1465–74.
[57] Brouha XD, Tromp DM, Koole R, Hordijk GJ, Winnubst JA, de Leeuw JR.
Professional delay in head and neck cancer patients: analysis of the diagnostic
pathway. Oral Oncol 2007;43(6):551–6.
[58] Harrison LB, Sessions RB, Hong WK. Head and neck cancer: a multidisciplinary
approach. 3rd ed. Philadelphia, PA, USA: Wolters Kluwer/Lippincott Williams
& Wilkins; 2006.
[59] Pruyn JFA. Op weg naar vanzelfsprekende samenwerking!? [Internet]. Tilburg,
the Netherlands: University of Tilburg; 2002 November. Dutch. <http://
www.ikc.nl/uploaded/bibliotheek_upload_document/1550/folder_pruyn.pdf>
[cited 21.06.10].
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